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INTRODUCTION

It has been established that many polynuclear
aromatic hydrocarbons (which will be referred to
as PAH) are carcinogenic to animals and probably
to man. This review will focus on their occurrence,
significance in, and passage through the water
environment, which represents a possible danger to
man in terms of widespread exposure to PAH,
Literature was reviewed for the years 1968
through the first half of 1973 as an updating of an
earlfer comprehensive review by Andelman and
Suess,! which covered the literature prior to 1968,
and to which the reader shouid refer for additional
information.

Most of the studies on the incidence of PAH in
the water environment have been carried out in
Euraope. The most comprehensive investigations on
the sources of PAH, their spread in the environ-
ment, and the efflcacy of various treatmerit
methods have been done by Bomeff and his
associates in the German Federal Republic. Soviet
investigations, principally by II'nitskii and Shabad,
have concentrated on effluents from various
manufacturers as one of the main sources of
pollution of water bodies by PAH.

In a recent review article, Shabad and II'nitskii?
pointed out that, although the amount of PAH a
man may consume from heavily polluted water is
only about 0.1% of the amount he consumes in
food, carcinogenic PAH from water can accumu-
late in various aquatic organisms, including fish,
some mollusks, and edible algae. Water used for
irrigation may also affect the level of carcinogenic
PAH in vegetable foodstuffs.

The need to establish hygienic standards for
carcinogenic compounds has been given more
attention in the last few years. Shabad?® states that
“without waiting for the complete elucidation of
mechanisms of blastomogenesis or even the solu-
tion of the problem of the action threshold of
carcinogens, everything should now be done to
establish maximum permissible doses and concen-
trations of individual carcinogens, taking account
of the nature and duration of contact with them,
The PAH are the first priority.” Similarly, the
most recent edition of the World Health Organiza-
tion European Standards for Drinking Water
(1970)* recommends that “for the safety of
consumers, the concentration of PAH should not
exceed 0.2 ug/l.” It further recommends that there
should be at least one center in each country
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shie of carrying out investigations of PAI} I_n

hang water, and that move sesearch into their

sence and importance in drinking water is

uned. The most recent (1962) United States

bhic Health Service standards for drinking wa'm
not mention PAIL. However, a recent publics-
a of The National Institute of Environmental
alth Task Force® states: “Some malerials which
ler waterways are knuwn (o be carcinogenic to
t animals. Others may have physiological
tivity of which we are currently unaware. The
ganic contaminants should be identified and the
ysiological significance of the concentrations
und in the environment determined. Also the
wsiological significance of the heterogenous
i);luresg as lhs:y exist in water should be

aluated.”

The following review will deal with the per
tinent physicochemical properties of PAN, their
analysts, origin, source, and transport in the
environment; their presence In envirohmental

walers, thelr semoval or destruction by varlous *

treatment processes, and the possible health
consequences to man of PAH in the water environ-
ment. The emphasis will be on 3.4-benzpyrens,
one of the most carcinogenic of the PAH. .

PHYSICOCHEMICAL PROPERTIES
AND ANALYSIS OF PAH '

The chemical structures of two typical PAH are

ufollows: .

Typical polynucless aromatic hydrocarbons

e

3.4.benzpyrene

3.4-Benzpyrene (BP) is ublquitous in the
svironment and one of the most potent of the
arcinogenic PAH. Consequently, it has been the
1ost studied. 1,2.5 6-Dibenzanthracene (DBA) has
‘so been identified a3 8 very potent carclnogen

nd 1.2-benzanthracene (BA), 3 4-.benzfluoran-

hene (3.4-BF), I0.|l-benzﬂuonn|h¢no

10.11-BF), chrysene (CH), 9,10-dimethyl-1,2-

.enzanthracene (DMBA), indeno (1,2,3-cd) pyrene
IP). 3-methylcholanthrene (MCA), md 12-
enrpycene (1.2-BP) halve been shown to possess
-arcinogenic properties.
J"c;l'\‘e g:wo :!osf important properties influencing
the incidence of PAH in water are theic solubilily
and stability. Their high molecular weight and Jack
of polar substituent groups make them very
insoluble in water. The solubility of BP In clean
rner water or tap wates was found to be spproxi-

ly 0.01 pg/l*

m:;;'pite ‘l‘hs:‘ low solubility of PAH, their
presence in environmental waters can be increased
by the action of miceDes formed by synthetlc
detergents and by the .sction of oth'er soluble
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1,2,$ 6-dibenzanthracene

organic compounds. The presence of surfactanis In
the range of 10 to SO mg/l increases the solubitity
of BP from two to ten times.” However, as noted
by Andelman and Suess,! the concentration of
surfactants in natural and treated walers rarely
reaches a high enough concentration to affect the
solubility of BP. Surface sctive agents in the
concentrations from 0.1 to 1.0 mg/l do not show
any effect on BP solubility.® Drinking watet
standards typically permit only 1.0 mg/l of surface
sctive agents.

Phenol concentrations from 1 to 50 mg/l do
not have any effect on BP solubility, but the
sddition of caffeine to water increases both the
solubility and rate of BP going into solution, as the
caffeine concentration is increased from 001 lt':
0.10 mol/1.* In thelr review, Andelman and Suess
noted that other studies showed that lactic acid,
acetone, and ethyl alcohol increase the solubility
of BP In water. The possibility exlsl:s 'd:'al ol:l::
organic compounds present in polluted wate
Ol:l.l: also lol;ublu BP. Finally, highly polluted
water containing emulsions of organic solvents

would be capable of containing relatively large
smounts of BP."

Studics have also shown that BP can be sorbed
and concentraled on activated carbon, calcareous
malerial, silica, glass, and sofl particles. The
presence of these minerals and other suspended
and setiled particles In natural waters can also be
sources of relatively high concentrations of BP.!

BP can be very stable in water and remain in
solution over long periods of time. I'nitskii et al.?
performed experiments using pond and tap water
with initial BP concentrations of 10 and 0.01 ug/l.
The 10 ug/l solution Is prepared by adding [ md of
acetone solution containing 2 yg of BP to 2 250 ml
flask, evaporaling the acetone, adding 200 ml of
tap or pond water, and mixing thoroughly. The
0.01 pgfl solution is prepared by adding 10 mi of
acetone conlaining 0.0) pg/mi BP into 2 101 jar,
filling the jar with pond or tap water, and mixing
thoroughly. Both solutions are stored in the dack.
After extracling the solutions with benzene,
quantitative analysis s pesformed spectro-
fluorimetdcally using Shpol's'l:il's effect. Several
experiments showed that undecomposed BP could
still be detected after 35 10 40 days 1o the extent
of § to 20% of the Initial concentration. At the
concentration of 10 pg/l BP, only 10 to 15% of
the BP was destroyed in the fisst few days.
Ilowever, they found that at an initlal concentra-
tion of 001 pg/l, almost 50% of the BP was
destroyed in 24 hr. They also found that the
decompoasition took place more rapidly in 0.02 ¥
putassium penmanganate than In pure tap water,
and in acid solution (pll 2.7) faster than In
alkaline (pH 11.6) and neutral solutions (pH 6.7).

In other experiments, photooxidation was
found to destroy 56% of the BP (present at an
initial concentration of 0.1 g/l) in one day. In thé
dark, the degradation was negligible. With the
addition of sodium sulfite, the decompousition of
BP was Increased to 75% In both the presence and
sbsence of light.”

In general, studies have shown that the higher *
the tempemture, oxygen concentration, and light
intensity, the faster the rate of BP decomposi-
tion.' i

The greatest problems encountered in the ana-
lysis of PAH are thelr low concentrations and the
sepatation of PAH from other organics a3 well as
from each other. Preliminary techniques of exteac-
tion and concentration with solvents such as
benzene, pentane, a-heptane, ahexane, and -

octane are necessary. These preliminary technique
can be sources of error because even Lhe pusest ¢
sulvents contains traces of PANl Fedonin et a} *
noted that these traces may affect the ultima
analytical results because these preparatory tech
niques of separation and concentiation involve tt
use of large amounts of solvents which, whe
evaporated, could contain considerable amounts ¢
PAH. It s, thecefore, impesative that a blar
correction be made in procedures using large
amounts of even chemically pure solvents.
Column, liquid, paper, and thin-layer chromato-
graphy are the most frequently used methods for
the separation of PAH, followed by quantitative
analysis using ultraviolet-visible absorption spectra
and fluorescence spectra. Several studies that
demonstrate the methodology for the examination
of a wide variety of water and wastewater samples
will be mentioned in the following paragraphs.
Papes chromatography of a mixture of PAll has
been discussed, in which the minimum detectable
amount on a chromatogram was 0.026 pg BP,
0.022 gg 20-methyl-cholanthrene, and 0062 pg
BA.'' Schloz and Altmann'? detected 107 to
10°'? g/ml of BP in water by Muorescence
spectroscopy, after a tenfold enrichment by ex-
traction with cyclohexane, a 100-fold enrichment
by evaporation of the extract, and a subsequent
separation by thin-layer chromatography.
+ Dorneff*? described 3 method 1o be used
routinely for the examination of PAM in drinking
water and ground water to assess the efficiency of
a surface water purification plant. The World
Health Organlzation® recommends this procedure
for the determination of six PAH in drinking water
1o ossess the presence of caicinogenic PAlL in
drinking water. Another method is described by
Jaeger and Kassowitzova'® that can detect BP in
drinking water at a concentration as low as 0003
pe/l. Siddiqi and Wagner'* describe a method for
the determination of BP and 3,4-BF in rain water,
ground waler, and wheat using extraction with
benzene, saponification with 2 # KOl|, scparation
by either column or thindayer chromatography,
detection with ultraviolet light, and photometric
determinstion.

W’“‘&“}E‘WMEG
walers can be particularly difficult because of the

e a uantilies of organic compounds
and the very low concentrations of PAH. Samples
from the Charles River Basin (Boston,
Massachusetts) were analyzed for PAH and other
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1c compounds using compulerized gas chro-
graphy, mass spectrometry, and high pressure
! chromatography.'® Keegan'? describes a
od developed for the determination of PAI{
e parts per trillion range and utilized for
al rivérs In Connecticut.

dustrial efffuents are one of the majos sources
All contamination of surface waters. Ershova
Mints'® detected and quantitatively deter-

d BA in petrochemical effluents by & variant _

their spectroscopic-fluorescence method. A
od is described for the determination of a
‘ure of several PAH in wastewaters using
layer chromatography on alumina and low
perature  spectral luminescent analysis.'®
ardoni and Thiella?® used gas chromato-
hy to do simultaneous qualitative and quantl-
r¢ analysis of aromatic hydrocarbons, including
[ and phenols in industrial wastewaters.

ORIGIN, SOURCE, AND VEHICLES
OF TRANSMISSION OF PAH

“or the purposes of the following discussion,
term “origin™ will refes to the formation of
‘I and the term “sovrce™ will refer lo the
rct or material in which PAH can concentrate
| from which they can be disseminated to the
wonment. Industrial effluents, domestic ef-
‘nts, precipilation, stmospherie faliout, and
off water ate the vehicles of transmission of
1)
gin and Source of PAIl *
Despite their fow solubility and stability in
ter, PAH are nevertheless ubiquitous in the
ronment. To understand this, it is necessary to
imine the origin of PAN.
Industrial operations engaged In the pyrolytic
cessing of organic raw materlals, such as coat
I petroleum, form PAH when the process is
nied out at high temperatures (e.g., 700°C), as
mpared to the formatiom of paraffins, cyclopar-
ins, olefins, and phenols at lower temperatures
0 to 450°C). The consumption of these
olytic products (coal tar, coal tar pitch,
olinelcan also produce PAH.
Some of the industrial operations that produce
H are the preparation of acetylene from natursl
332 the pyrolysis of kerotene to benzene,
uene,” and other organic solvents,?? .the pyro-
s of wood,2* manufacture of electrolytic al-
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uminum using graphite electrodes,’’ coke
production,?® pas production from petroleum,?*®
the production of synthetic atcohal,’® and oif
tefinery operations.? 7?°

The combustion of fucls by automobiles, alr-
planes, and boats involves the produciion of PALL
The source of PAH in the Charles River (Boston,
Massachusetts) was thought to be automobile
exhaust condensate washed from the streets
directly into the river by tainfall.’® Studics of soil,
snow, and vegetation samples taken In the vicinity
of & Moscow airport have been shown to contain
large quantities of PAIL’! Significandly ltarger
amounts of BP were found in a Moscow reservolr
with high boat traffic than a similar reservoir with
low boat traffic.’? Carbon black, used in the
manufacturing of automoblile tires, contains PAH
and consequently the wear of tires on the road can
be sources of PAIL Asphalt used In road construc-
tion contains PAH that could afso be a sousce of
contamination.'

The presence of PAH in remote, nonindustrial-
{zed areas ralses the question of the endogenous
formation of PAIl by planis and microorganisms.
Bomeff et s1.,>® using the techinique of labeled
carbon assimilation, conclusively demonstrated
that PAH can be synthesized by plants. Dacteria
and phytoplankton sre also capable of producing
PAIL The appearance of BP In in vitro cultures of
three strains of marine phytoplankion was corol-
lary lo the appearance of a mixture of aeroblc
bacteria. The addition of antibiotics to Inhibit
bacterial growth also prevented the formalion of
BP.’* Forest soils sterilized a1 120°C snd 170°C
and sceded with either Clostridium putride or
Escherichla coli contained significantly larger
amounts of BP sfter standing st room temperature
for six months.?® The possibilily that bacteria are
capable of synthesizing BP is supported by the fact
that compounds similar to BP have been found in
the Mntestinal region of many snimals where
various types of bacteria are also found. Hydrocar-
bons of the BP type are found in all organs,
pasticularly the liver, kidneys, spicen, and fungs.”®

The Clipperton Atoll Lagoon in the northeast
Pacific Ocean is not Jocated near sny source of BP,
yet lts waters were shown to contain 3.5 to 4.0
ugh of BP.*" However, fts water Is rich In
phytoplankton and marine bactera, which seems
to confirm the possibility of the blosynthesis of
BP in a marine environment.*®

Finally, It should be noted that, although no

PAH have been Isolated from uncracked crude oil,
the possibility exists that they contain traces that
could be sources of PAII to environmental watess.
The fact that large quantities of such oil are
presenl In marine waters (it is estimated that one
million metric tons are fost In the ocean during
transport alone) and can accumulate in various
marine organisms sugpests that more tesearch be
done on this potential source of PAILY?-*®

Vebicles of Transmission of PAl}

Industrial eMuents carry PAN Into receiving
walers and existing methods of treatment gen-
erally do not reduce their PAH content. EMluents
from industrles engaged in the thermal processing
of mineral fuels are one of the fargest sources of
PAU contamination of surface waters. Most of the
quantitative studies of PAN in industrial, eMuents
have been done by Sovict authors. Esshova and
Mints' *** found BP and BA in eMuents from
industrles engaged In the production of gas from
potroleum and in thé production of synthetic

alcohol. Samoilovich and Red'kin?" investizate
effluents fiom oif refineries and concluded thal
they were the source of BP pollution of the
Sunzha River. Ershova’® detected BP in efflucnts
{rom several oil refineries along the Volga River.
River samples taken below the refineries and a
sand sample from the filter of a wate;works
located downstream all contained BP. The tesults
Ppoint to the sefinery effluents as the sources of the
BP contamination. The amounts of PAIL found in
typical effluents are summarized in Table ).

Since municipal wastes often contain i:rge
amounts of industrial eMuents, they can transport
PAHl into surface waters. -Run-off water passing
over 1oads, plants, and soils carrics PAM into the
Sewage system. In addition, human urine has been
shown to contain BP.! Table 2 Jists some concen-
Urations of PAH found in domestic wastes.

The amount of BP emitted anavally into the
atmosphere of s large industrial city has been
estimated to"be 30 to 40 kg?® Substances
polluting the air are eventually deposlled' by

1
TABLE ]
N PAH Concentration bn Industris! Efftuents®
BP concentration
Indusury Source of waste water eu(";)n
Shaleofl Afltet treatment for dephenolization 2-320
Coke by-products  Not indicated . Present
After blochemical estmens 12-16
Alter ofl separation 6.5, 130, 250,
(S samples) 290, and "Big™
Quantity
Spent gas fiquor Very small
quantity
Coke ot ollgas Before dlschargo to sewey Nolt indicated®
works Before dischargs to sewey 1,000 and 340°
. (2 planty)
Oll-gas works Anes of! separation (3 samples) 3,6,30d 30
Ol refinesy Afier ol separation (3 samples) None detected
Tar paper Not indicated [resent
. Acetylens Not indicated ' 15-100
}
|| Ammonjum sulfate  Afer cooling and setiling About 10°
' *Other PAH also present . . '
. *Taken from Andeiman snd Suess.!
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TABLE2

PAH Concentration In Domestic EfMuents®

Concentration (ug/l)
Carcinogenie
Source BP PAH Total PAR
Domestic effivent 0.110 9 150
from a smafl commu-
nity aftes primary
*  treatment
Waste effluents en- |
tering Rotach River:
Sa':vple 1 0.018 0.2 0S
Sample 2 0047 11 27
Sample 3 0.079 10 (X1
Sample d 0.100 0.3 s.1
Sample § 0.038 . 03 os
" Waste effluent of 0.100 50 150
Stockach
Waste effluent of 0.368 28 8.6 .
Radolfzel
Waste effluent of
Hegne.
s:mple 1 0.001 0.1 08
Sample 2 . ooul 1.2 4.2
Sample 3 1.840 9 8718
Sample 4 0450 e 63.0
Vegetable cold wash
water '
Sample 1 1.60 8.1 252
Sample 2 1.02 58 2.6, , .
Uhine from Parls 1-3 - -1 !
inhabitants
{4 samples)
[
Sewage of Ltningrad Present - -
Sﬂn::, Minal eft- Present 0.15-1350 -
juent (4 plants-8 .
samples) ,
Sludge from second- Present Present -
ary treatment
(humas)
Humus, dried 3,000 . - -

*Taken from Andelman and Suess.!

wural precipltation or fallout directly into sur-
Le waters or onto plants and soil where they cin
+ carried by run-off into surface waters. Due (o
¢ endogenous formation of PAH, a “backround™
vel of.PAN is present in most soils. After sn
.tensivé study of soil samples in remote areas of
ussia, Shabad et al.?* concluded that BP concen-
ationi of S to 10 pg/kg of soil are not unnatural
vels awocisted with exogenous contamination,
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while concentrations of 1 lo 2 pg/kg are typically
backround levels. The same authors found as much
ss 220,000 gg of BP/kg of soil in the vicinity of an
off refinery. Shcherbak?® found that vegetation
samples taken within 300 m of the “neftegez”
plant in Moscow contained BP in concentsations
varying from 0.6 1o 5.9 pg/kg of dried materidl,
and that most soll samples {aken 3,000 m {rom the
plant still contsined quantities of BP higher than

the gencral backround level for the iy of
Moscow. Studies have also shown that PAHl can be
concenirated in deeper soil Jayers and hence also
conlaminale the pround water.??

PAH have also been found in snow samples
taken In the vicinity of 2 Moscow altport,* on
the grounds of a timber-chemical plant,’* and In
various areas of a large industrial city (Moscow).*!
Siddiql and Wagner'? also found levels as high as
0.3 pg/1 of BP and 3.1 ptp/i of 3,4-BF In rain waler.

PAHIN
ENVIRONMENTAL WATERS .

For the purpose of this review, environmental
waters will be divided into four different cate-
gories: 1) marine waters, 2) susface waters, includ-
ing flors, fauna, and scdiments, 3) ground water,
and 4) drinking water.

The most extensive studies of PAH in the
matine environment have been dune by Mallet and
his co-workers. They made systematic studies of
the Atlantic, Ghannel, and Mediterranean coasts of
France, the Bay of Naples, ltaly, and the western
coast of Greenland. BP was found to be present in
slmost all samples of plankton, algae, fauna, and
sediments In the areas studied. Even the remote
areas off the coast of Greenland contained on the
average the same concentrations of BP as areas
along tho French coast, thus indicating the
ubiquity of BP In the marine environment. The
results of Mallet’s studies are summarized by
Andclman and Suess.' '

As noted previously, large amounts of crude ofl
are lost to the ocean each year. The possibility
that marine organisms can concenirate and fix
hydrocarbons could account for their presence in
some marine organisms. Lee el al.*? onalyzed
several fish, including anchovies and smelt, from
the oil polluted San Diego Bay and found BP in
amounts as high as 10 pg per fish, as well as lesser
amounts of othes PA1 (avesage dry weight of each

fish varied from 2 to 10 g). Lee et al.*? also*

observed that the marine mussel Myrilus edulis
rapidly took up DP from scawater solutions and
retained significant amounts even after being
placed In clean scawater. Blumer,*® while studying
the long-term effects of an oll spill in Buzzards
Day, Massachusetts, found toxic aromatic hydro-
catbons still present in edible shelifish 2 months
. after the oll spill. Fish (Carassius auratus) feeding
on food contalning BP were found to metabolize

and eliminate BP very slowly with residues left |
the liver, ponads, and muscles of the fish mo
than 2 days after the administration of BP w
hulted.**

The presence of BP in the tidal mud of Sain
Malo Bay was investigated by Mallet et al.*® ar
found o0 vary seasonally in BP content due to .
action of anaerobic bacteria which synthesize E
and the aerobic bacterla which degrade BP. T
presence of BP in the waters of Clipperton Ato
Lagoon was also thought to be due to the
combined action of anaerobic and aervbic bac
terta.’” BP found in Atlntic phytoplankton n
the Greenland to Gascony Gulif areas was thoughi
to be synthesized from the lipids of plankton by
bacteria.*® The souice of most of the PAH in the
marine environment is probably due to endo-
genous sources 1ather than to exogenous sources,
such as suiface waters from highly polluted areas.

Other studics have revealed the presence of BP
in wide zones of the Adriatic but only during the
estival season.*’“® Studies conducted by
Greffard and Meury*® “in the Toulon Harbor
showed PAH concentralions varying between 9.0
and 284 pg/100 g of dried slime, and BP concen-
tiations varying from 3.0 to 4.0 ng/100 g dry
weight in washed mussels.

Considerable quantities of PAH can be carried
into susface waters by domestic sewage, industrial
efTluents, and stonm water run-off from roads and
contaminated land. The maximum amount deter-
mined in any of these sources has been 134 pg/l.5°
The presence of PAH In areas remote fiom any
exogenous sources also confirms a natural level of
PAH in surface watess. I'nktskii et al.3* concluded
that this level did not exceed 107% to 10~ pg/l of
BP for surface waters, 1 to 2 pg/kg of BP for
boliom sand, and § pg of BP per kilogram of dry
matter for algae and higher plants. Levels in excess
of these amounts can be taken 2s indications of
eavironmental pollution by man.

tlighly polluted waters are conducive to the
preservation of PAH in surface waters. The Sunzha
River in the USS.R. is heavily polluted with
detergents, benzene, ether, and oils, their concen-
trations ranging ftom.96 to 350 mg/l. As would be
expected, Investigations carried out by
Samoilovich and Red’kin?® showed high BP
concentrations at great distances downstream from
industial outfalls (0.07 10 1.06 ugfl at a point 25
km downstream from the lowest outfall).

Laborstory experiments conducted by Suess,$?
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wder conditions similar to the Ohio River
ittsburgh, Pennsylvania), showed that BP degra-
1ton in natural waters depends on solar fllumina.
on, lemperature, and dissolved oxygen
centrations. In polluted waters with high
wbidity, BP would degrade very little in suspend-
d solids and probably not al all In bottom
ediments. BP degradation in surface waters s also
clated to flow velocity and susface area.
;améilovich and Red’kin?® found that the higher
te flow veldcity and the greater the surface area,
he faster the degradation of BP.

PAH concentrations in the surface water
nvironment are very high, essentlally due to
xogenous pollution. Typical concentration ranges
'e summarized in Table 3 and the results of some
ecent studies are summarized in Tables 4 and §.

Uncontaminated ground waters show the
owest concentrations of PAH of all natural
.aters. Concentrations will generally not exceed
105 ugl.'? Siddiqi and Wagnet'? reported find-
ng 0.01 to 0 03 pg/l of BP and 0.08 to 0.6 ug/l of
3.4-BF in ground water samples.

Borne!f and Kunte'® noted that concentrations
ip to 0.10 pgfl of PAN are found in drinking
water. They concluded that values between 0.15
ind 0 20 g/l demand an examination of the water
treatment facilities, and water containing PAH in
excess of 0.20 pgfl should be rejected for human
consumplion. The World Health Organization
European Standards for Drinking Water,' adopted
in 1970, also states that concentrations of PAH in

excess of this amount are not safe for human
consumplion. Studies summarized by Andelman
and Suess' show that, In general, the total

carcinogenic PAH in drinking water do not exceed

0.025 pg/l.

EFFECT OF WATER AND
WASTEWATER TREATMENT ON PAH

Since considerable portions of the PAII present
in untreated waters are assoclated with particles,
separalion processes such as sedimentation and
filtration with sand or sctivated carbon can be
very effective in reducing PAlHl concentrations.
The highest removal (98.5%), reported by
Bomefl,’* was accomplished in s (locculation
plant, which used as a primary step ferrous sulfate
and chlorine, followed by ozone snd ferric chlo-
ride, and then sand filtration. The purified water
had a PAH content similar to ground water,
Reichert et al.*? found that primary and second-
ary sedimentation of sewage reduced the PAll by
80 to 90%. Furiher treatment with synthetie
flocculants, followed by filtration through ac-
tivated carbon, yields a water with PAH concentra-
tion similar to ground water. Lawerenz®® found
that treatment of water from the Elbe River In
flocculation tanks was effective In reducing PAH
concentrations.

Mechanical separation processes will have very
little effect on dissolved PAH. Ii'nitskii®? con-
ducted experimenits using BP concentrations in the

TABLE )

Typical Concentration Ranges of 3P and PAH in Vatlous Fresh Susface Waters

Concentration (ug/))
Cascinogenie Total
Source ar PAH PAR Referoncs
Rhine River 0.05-0.11 001-0.73 0.73-1.50 Andeiman and
o1 varjous Suess'
points
Various Germah 0.001-0.04 0.04-130 0.12-3.1 Andelman and
rivers . . Suens*
One Amerfcan 0.073-0.130 - - Keegan'®
rives
Rivers teceiv- 0.0001-12 - - Andelmanund '
- ing elflvents Suess,!
. from indus- Ershove,?® and
tries that Samollovich . '
. are sources and Rod’kin"® o
- of PAR -

. {
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TABLE 4
Concentration of DP in Susface Waters
BP conce.tration
Source N Reference

Moscow rescrvoirs, 4-13 'nlt o

gty mottumes kil and Rozhkova
Volga River below dis- 0.0001 Erhova®?

charge site of ol)

sefincry
Pikov replon, remote 10?10 Ilnitskif et al®*

from exopenous sources

of P

Sunrha River, 3-4 km 0.08-38" Samollovich and Red'kin®®
downstream from dis- :
charpe sites of pet-
roleum refinery )
(1) sampley)

Sonzha River, 28 km 0.07-1.06 SamoBovich aad Red'kin **
downstream from lowest :
discharge site of pet-

Jtoleum refinery

Oyster River, Conn., U.S. Keegan'?

Sample § ’ 0078 -

Sample 3 o.12s .

Sample 3 0.150 -
TABLE S

Concentration of BP In Surface Water Environment

Rublevskoye Regervaly
Plankfon -
Botlom tand
Pond weeds

Khimkinskoe Reservoly
Plankton
Bottom sand
Pond weeds

Bottom sediments of
Sunzha Rives, 3-4 km

*, downstream from dis-

= charge site of refinery

Botlom sediments of
Sunzha River 25 km
downstieam from dlIs-
change site of refinery

Silt in Moscow Reservolr
2
Pskov reglan, remote
from exogenous souroes

Algae
Bottom sand

BP concentration
nglkg .
dry matgrial Reference
IPnitski et al.**
0.7-1.8 ‘ -
44 -
0.6-2.7 -
Ifnltskil ot ol **
¢ 13-88 -
390-500 -
1.7-37.8 -
92-190 . ., SamoBovich and Red'kin®®
trace~-3.1 Samollovich and Red'kin®®
1
13-30 Wnitskil and Rozhkova®? .
Erhon®®
[ | ! -
1-2 . -
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TABLE 6

Efficiency of Various Combinstions of Water Treatment Frocesses to Eliminate

Low Concentrations of BP?

Number of
Process sxperiments
Standing
(precipitation)
Pocculation +
standing
Flocculation ¢
filtration In
pilot-plant
installation

- W

*"Taken from 'nitski.**

ge that they are usually found under natural
1ditions to test the efficacy of mechanical
paration processes. lie found that the techniques
vestigated reached their practical fimit at low
ncentrations since the techniques were designed

remove suspended, not dissolved, matter. This
plains results summarized in Table 6 which show
nost the same cffectiveness for simple standing
d of Nocculation followed by standing.

Binlugical treatment is very inefTective in re-
oung any PAIl from contaminated walers. A
athurg study, conducted by Malaney et al 5®
wwed that activated sludge (restment of
wmestic sewape from Nashville, Tennessee, was
1ble 10 effect any significant semoval of PAH by
.¢ oudative mechanism within normal detention
mes. Any reduction of PAH in the tewage was
ue to adsorption by “the activated studge.
1shova®® found that effluents from a petro-
icmical plant still contained up to 1.7 ug/l of BP
1d 06 pe/l of BA even after being subjected to
1ochemical  pwification in aeralion tanks.
‘mishii et al.?” also found that blochemical
catment, steam dephenchization, and extrsction
ith butylacetune do nol achieve the complete
1activafinn of PAH in effluents.

The contamination of surface snd ground
aters with PAH and compounds that may solu-
hzo PAH makes it necessary to Investigate
cthods for the elimination of dissolved PAH
vm polable waters. Since mechanical methods
e not able to femove dissolved PAH, oxidation is
pecially'important. Studies on the efficacy of
zonaiion, UV and gamma lrradiation, chlorina-
an. and treatment with C10; have been carrled
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Initlal BP
concenination,
x10°° g/ml Efficlency, %
17 S42 16
3. 5629
14 &9
73 2923

out by Ilnitskil, Ershova, Shabad, Relchernt,
Gabovich, and thelr sssoclates (References 7, 27,
57, and 59 to 66). Their results indicate that
ozonalion Is the most effective treatment for the
reduction of PAH in water, followed by treatment
with ClO,. The other processes sludied wese for
the most part InefTective In significantly reducing
PAH concentrations using normal rates of applica-
tion and detentlion times. The efflcacy of ozone
may be reduced by the presence of other organie
compounds. BP was found fo be the most resistant
of the PAH to treatment. Some lest results are
summarized in Tables 7 and 8.

Since BP can be present In water In either a
dissolved state or sorbed onto particles, Wnitskil et
al.?" carried out experiments using BP sorbed
onto soil particles. The results indicate that the BP
sorbed onto soil particles are more stable than
dissolved BP. One minute’s contact with ozone
Inactivated 61% of the dissolved BP bu! only 33%
of the sotbed BP; 2% min conlact destroyed all the
dissolved BP but only 60 of the sorbed BP.

In order 1o deliver drinking water 10 consumens
with the lowest possible concentration of PAN,
Bornel** recommends the use of flocculation,
ozonation, fiftration, and adsorption on activated
charcoal for raw waters containing 0.1 to 1.0 pgll
of PAIL, and thal raw waters containing over 1.0
pght of PAN never be used even afler purification.
IPnitskii®? concluded that by using ozone rather
than chlorine and UV imadiation, a 100-fold
greater reduction of BP could be accomplished.
For dissolved BP and other PAH, ozonation Is
necessary to deliver water practically free of
carcinogenic hydrocarbons to consumess.

TADLE?

Concentration of Hydrocarbons After Oné Miouts of Coatsct with Ozone®

Ilydrocatbon Mezn Resdual, %
3.4-Denzpyrene (DP) 39
Pysene (PY) 13
1,2-Benzanthracens (BA) 43
1.2.3,6-Dibenzantheacene (DBA) 36
9,10-Dimethyl-1,2-Berzanthracens (DMBA) 0
®Taken from H'nitskil ot al**
°  TABLES
Comparative Stablities. of Cuitain
Comparndre Sablie Polyeyelic Aromatic Hydrocarbons to UV
Concentration of
usndecomposed
hydrocaibon (%) after
UV kradiation Ozonization
Hydrocarbon for 60 min for | mia
3 4-Benzypyrene (BP) .

v Pyrene (PY) :: ::
1.2,5,6-Dibenzanthracene (DBA) a3 3¢
Perylene  }] )
12-Benzanthracene (BA) 68 4..1

° 1,12-Benzperylene 43 -
9,10-Dimethyl-1,2-benzanthracens (DMBA) 1 0
*Taken from IPnitskil et ol.?
Watens distributed 10 consumers are usually TABLE 9

used for the preparation of food. Studies carried
out by I'nitskil et al.” showed that the boiling of
Water conlaining 0.0002 to 0.002 pg/l of BP for
60 min destroyed most of the carcinogen. The
resufts of this experiment are shown in Table 9.

HEALTH CONSIDERATIONS
OF PAHIN
THE WATER ENVIRONM ENT
e lolopic; to prove
.. PAH in d 4 relal the

ngidence of cancer. Also, as stated by I'nitskil

and Shabad,” the amount of carcinogenic PAH
consumed by man in water Is typically only 0.1%
of the amount he consumes from food. Neverthe-
less, accumulation of PAH in edible squatie
organisms can greatly Increase this amount.?+* 144

Effect of 60 Minutes” Bolling on BP Dissoived in W'
Various pH Levels® e

BP concentration, g/t

PHof  Numberof

water  éxperiments  fInitial After boiling

7 4 0001 0,9, 0, 0.0002

30 3 00002 0,0.0

6.3 4 0.002 0, 0, 0.0002, 0.0002
110 4 0.002 0.0, 0.0009s, 0.0002

*Taken from I nitskil gt al.”

The use of contaminated water for irrigation can
also spread PAH into other foodstuffs.?

Shabad? urges that everything possible be done
lo establish maximum permissible dosei (MPD)

and maximum permissible concentrations (MPC)

January 1974 ™
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for individual carcinogens, with first priority being
pren to the PAIL, most notably BP. He reported
on one such effort based on the intragastric
administration of a gradually diminishing series of
duses of BP and observing whether or nol cancer
was induced. These experiments were used lo
establish doses which did not produce cancer. On
the basis of these data and taking into account the
differences in body weight and organ surface areas
of rats and humans, they calculated that the MPC
for BP in waler should not exceed 0.0003 ppfl,
which for all practical purposes Is zero. Even
though this type of approach may be controversial
and far from perfect, Shabad emphasizes the need
for more experiments in this direction, including
the transplacental influence on succeeding genera-
tions

Andelman and Suess' discussed another con-
cept of MPC in water in which It was suggested
that the amount of carcinogens laken up by man
in drinkin; T _should not excee e

malen‘a; taken up from normal urgan l;l. %sing
this TGRcep ihe MPC Tor waier would-b¢ 0.017

gt Based on an average duily consumption of 2.5
! of drinking water, this comes out to 15 pg/year
and about 1 mg in a hfetime. The 1970 World
Health Organization European Standards for
Drinking Water* recommends a concentration of
PAIl not exceeding 0.2 pg/l.

Andelman and Suess’ made calculations based
on four samples of drinking water to determine an
annual human consumption of PAH to be sbout 6,
9. 22, and 70 pg for the populations served by
these water supplies.

Drinking wates is not the only source of PAH
for humans. They are also found in smoked and
roasted foods, in vegelables, and plant fats and

otls, as well as being bresthed in from the'

atmosphere. Borneff*” wams thal human ex-
posure to PAH from all these sources could result
in a yeatly uptake of carcinogens at levels which
cause carcinoma In animal experiments, The
amount” of carcinogenic PAH consumed from
drinking water is probably not dangerous. Never-

-
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) theless, in combination with othér sources it

cannot be excluded as a possible hazard, especlally
since animal experiments indicate that repeated

exposure fo carcinogens is more effective in

producing eancer than an equivalent single dose.

CONCLUSIONS

The following conclusions can be drawn from
reviewing the literature:

1. The significance of traces of PAH in
drinking water to human health Is not yet
known,

2. BP and other PAII are very insoluble In
waler bul can be solubilized by detergents, olls,
and other organic compuwnds. In most cases,
however, the concentiations of detergents ace not
high enough to affect PALI solubilities.

3. BP can be very stable in water and Is one
of the most carcinogenic of the PALL.

4. With the present emphasis on water poflu-
tion control, atiention should be given to reducing
the amounts of carcinogenic PAH discharged to
surface waters.

S. Concentrations of PAH in uncontami-
naled ground waters generally do not exceed 0.05
pg/l. ligher concentrations are found in surface
and marine waters. Efforls should be made to
determine (he sources of the contamination of
walers, especially when they may serve a3 sources
of drinking water. .

6. Mechanical separation processes, blologi-
cal treatment, UV irradiation, and chiorination are
not successful in removing enough carcinogenie
PAH from drinking water. Ozonation and CiO,
sppear to be the most promising methods of
effectively destroying PAH in drinking water.

7. The generally higher concentrations of
PAH in pofluted waters suggest that these com-
pounds may have utility as Indicators of pollution.

8. It would bs prudent to establish MPD and
MPC for PAH in drinking water. .

L I

10
1] 8
12.
1.

4.
18.
16.

IR

18
19.

2.
2.
n.
M.
2.

n.
n.

REFERENCES

Andeiman, 3. B. and Suens, M. J,, Polynucicar sromatie hydrocarbons in the water environment, Bull W.H ¢
479, 1970.
Shabad, L. M. snd IPaitskil, A. P., Perspective on the problem of catcinogenic pollution in wates bodies, Gy
35(8), 84, 1970 (Russian); (Lng. tvansl., Hyg Sannr, 35, 268, 1970).
Shahad, L. M., Concerning the possibility of establishing maximum permissible doses and concentrations (MF
MICs) for carcinogens, Iy Sanit,, 36(10), 115, 1971. v
Warld Health Omganization, European Standards for Drinking Water, 2nd ed., Revised, Geneva, 1970.
Document No. 12: The National Imtitute of Environmental lHealth Sciences Task Force Advocates 2 Dnnking
Program (1970) Safe Drinking Water leasings, U.S. Congressional Subcommittee on Public Mealih
Enviionment, May 1971, Serlal No. 9294, p. 634,
IPnitsk#, A. P. and Fishovs, K. P., Factors influencing the solubility of benzo(a)pyrene In water, Yopr C
16(8), 86, 1970 (Russian); C A, 1971, 74, 719382k,
IPnitskii, A. P., Eishova, K, P., Khesina, A. Y., Rozhkova, L. G., Kilubkov, V. G, snd Korolev, A. A., Stabil
carcinogens in water and varjous methods ‘of decontamination, Gig. Sanit, 36(4), 8, 1971 (Russian); (Eng. 1
Hyg. Sanit., 36,9, 1971). )
Eisenhrand, J. and Baumann, K., Water-solubility of 3.4-benzopyrene and formation of a water-soluble c¢
with calfeine, Z Lebensin.-Unters.-Forsch., 140(3), 138, 1969 (German); CA , 1969, 71, 9551 8c¢.
Jacger, J. and Kassowitzova, B., Breakdown of 3,4-benzopyrene in water, Cesk. Hyg., 13(5), 288, 1968 (Czeck
A., 1968, 69, 69550w,
Fedonin, V. F,, Gvil'dis, V. Y, Malinovikays, M. N, and Medvedev, A. M., 3 4-Benzpyrene concentratic
organic solvents and an improved method for determination of carcinogems, Iy g Sanit, 35(4). 92,1970
Malakhina, A. Y. Til'kov, M. 1., and Shapashnikov, Y. K., Papes chromatography of polynuclear atc
hydrocarbons, /vg Sanit, 36(1), 97, 1971. !
Schioz, L. and Altmann, I1. J., Determination of 3 4-benzopyvene in water, Fresenfus' Z Anal. Chem., 240(1
1968 (German); C A., 1968, 69, 79994h. .
Bornefl, J. and Kunte, I1, Carcinogenic substances in water and soil. A routine method for the determinat
polynuciear sromatic hydrocarbons in water, Arch. Jiyg. Bakteriol, 153(3), 220, 1969 (German); C. A.. 1965
738901,
Jaeger, 1. and Kassowlizova, B, Determination of 3 4-benzopyrene in drinking water, Chem. Listy, 62(2).
§968 (Czech.); C. A., 1968, 68, 72118w.
Skidigl, 1. snd Wagner, K. ., Determination of 34-benzpyrene and 3.4-benzofluoranthene in rain water,
water and wheal, Chemosphere, 1(2), 83,1972 (Getman); C. A., 1972,77,57226x
Hites, R. A. and Biemann, K., Water pollution: Organic compounds in the Charles River, Boston, Science, 178,
1972
Keegan, R. E., The trace luorometric determination of polynuclear aromatic hydrocarbons in natural
Doctoral discrtation, Graduate School of Chemistry, University of New Hampshire, Dutham, New Hlampshure, |
Esshova, K. P. and Mints, 1. M., Determination of 1,2-benzanthracene In petrochemical effluents, Gig Somit, 3
$2, 1968 (Russian); (Eng. trandl., Hvg. Sanir., 33,371, 1968).
Stepanova, M., Wina, R, 1., snd Shaposhnikov, Y. K., Determination of polynuclear syomatic hydrocarhe
chemical and petrochemival wastewater, Zh. Anal. Khim, 217(6), 1201, 1972 (Russian); C. A, 1972, 77, 108!
Ghirsrdoni, M. and Thiclla, C,, Simultaneous qualitative and quantitative determination of aromatic hydroca
and phenols in Indusirhal wastewaters, Boll. Lab. Chim. Pror,, 22(6), 1024, 1071 (Italan). C 4., 1972, 77, 66(
Vodysnik, R. S., Cuhernatorovs, V, A,, and Livke, V. A., Controlling the quality of the pusification of wastew
from acelylene production, Khim. Prom. Ukr., 3, 44,1970 (Ruwsian); C. A., 1970, 73, 11271 6b.
Livke, V. A, snd Vodyanik, R. S., Removal of condented aromatic hydrocatbons from wastewaters fron
preparation of acetylene, Khim. Prom. (Afoscow), 45(1), 30, 1969 (Russian); C. A, 1969, 70, 80677j.
Shchesbak, N. P, Effect of discharges from oil processing plants on pollution of soil vegetation by 3.4-benzofy
Hyg. Senit, 33(7), 109, 1968.
Skworisova, N. N. and Kimina, S. N, Aimospheric pollution by 3,4-benzpyrene in the vicinity of » timbes<t
plant, Nyg. Sanit, 33(2), 159, 1968.
Sulkhoteplyi, 1. N., Shelyug, M. Y., Kalinichenko, G. S., snd Drozdovs, T. V., Pullution of soil in an industrual
by 3,4-benzpyrene, M)y, Sanil., 33(11), 294, 1968. )
Esshova, K. P, Studies of the conlent of polycyclic hydrocarbons in effluents of petrochemical industry and st
watess, Hyg. Sanit., 36(6),474, 1971, '
IPnitskl, A. P, Khesins, A. Y., Cherkinskil, §. N., snd Shabad, L. M., Effects of ozonstion upon arn
hydsocarbons, including earcinogens, Gig. Senit, 13(3), 8, 1968 (Russian); (Eng transl, Hyg Sonit, 33.323,1
Samollovich, L. N. and Red'kin, Y. R., 3,4-Benzopyrene pollution of the River Sunzha caused by the petroch
Industry in Grozny, Gig Sentr., 33(11), 6, 1968 (Russian); (Eng. transt, Hyg. Sanit, 163).
Shatad, L. M., Cohsn, Y. L., I'nitskil, A. P, Khesina, A. Y., Shcherbak, N. P., and Smimnov, G. A, The carcinc
hydrocarbon benzo(s)pyrene In the soll, £ Netl Cancer Inst, 47,1179, 1971.

. "lnm 194



* Lechova, K. P, Carcinopenic poliution of water by effluents from petroleum refinerles, Gig. Sanlr, 33(2), 102, 1968
(Russran), tLng transt. Jivg Samt, 33,286, 1968) .
Shabad, L M. snd Smirnov, G. A., Alrcralt engines as » source of carcinogenic pollution of the envisonment
thenrota ipyrene studies). Armos Environ, 6,153, 1972,

IWnitski, A. P., Kiohkov, V. G., and Shabad, L. M., Navigalion as one of the sources of pollution of water reservoirs
by carcinopenic hy dincarbons, Vopr. Onkol, 18(1), 49, 1972 (Russian); C. A., 1972, 76, 89789d.

Bornell, J., Selenks, F., Kunte, I., and Maximos, A., Experimental siudies on the formation of polycyclic aromatie
hydroratbons in ptants, Environ Rex, 2. 22, 1968, .

Niavssat, P., Mallet, L., and Ottenwaelder, J., Piesence of benzo(a)pyrene In varlous marine phytoplankion species
cultivated In witro, C. R. Acad Scl (Paris), Ser. D, 268(7), 1109, 1969 (French); C. A, 1969, 70, 112540¢.

Maliet, L. and Tissier, M., Biosynthesls of polyeyclic hydrocarbons of the benzofa)pyrene type in forest soil, C. R.
Soc. Biol. (Pans). 163111, 63, 1969 (French); C A., 1970, 73, 44301k .

Lat, F_, Bacterial synthess of carcinogenic hydrocarbons, Sci Progr. Decouverts, 3416, 491, 1969 (French); C A.,
1970, 72. 159%41¢

Mallet, L., Bacterial biosynthesis of polycyclic hydrocarbons of the benzo (a) pyvene type In blological medls, Ges.
Hop Coo. Md, 143019), 605, 1971;C A . 1972, 76, 2510j.

Niaussat, P., Ehrhard, J., and Otienwalder, 5., Presence of 3. 4-benzopyrene in the Clipperton Atoll hhgoon, C R
Aced Scl (Fons), 261(21), 1712, 1968 (French); CA., 1969, 70, 40561k,

Blumer. M., Oil pollution of the ocean, Oceants, 15(2), 2, 1969.

Blumee, M., Souza, G., and Sass, J., Hydrocarbon pollution of cdible sheltfish by an oll spill, Ater. Biof, S, 198,
1970.

Gutrov, F. 1. and Novikov, Y. V., | luorimetric spectrography of polycyclic aromatic hydrocasbons in snow and soll
smples, Gig Samir, 36(3), 70, 1971 (Russtan); (Eng. teamsl., Hvg. Sanft., 36, 409, 1971). .
Lee. R. F_, Sauetheber, R., and Dobbs, G. N., Uptake, metabolism and discharge of polycyclic sromatic
hydrucatbons by marine fish, Mar Biol, 17, 201, 1972.

Lee, R, F., Sauerheber, R,, snd Benson, A. A, Petialeum hydrocarbons: Uptake and discharge by the matine musse]
My tilus eduhs, Scrence, 177, 344, 1972.

Scaccinl, A., Scaccinl. C. M., Manani, F., and Leonardi, V., Dosing snd observing by means of spectiophoto-
fluonmetry and fuociesience microscopy 3 A4-benzopyrene on the organs and tissues of Cutessius sumatuos,
Pesca Fano, 36), 108, 107, 1970(1tallan); Poll Abstr, T2-S1c-0429.

Maitet. L, Priou, M. L., and Leon, M., Biosynthesls and reduction of the polycyclic hydrocarbon, 3,4-benzopysene,
in the st of the Saint Malo bay, C R. Aced. Scl (Faris), Ser. D. 268(1), 202, 1969(French); C A., 1969, 10,
85160v

De Lima-Zanghl, C., Marine plankion falty acids and pollution with benzo (a) pysene, Ceh Oceonogr., 20(3), 203,
196811 rench); C A, 1968, €9, 45858h.

Olmo, M. V. and Molinas, M. P., Further observations on the presence of 3,4-benzopyrene in & wide zone of the
Adnatic, Pesce I ano, 3(1). 1, 31, 1969(I1allan); Poll Abstr., T1-STC-366.

Cicatelli, S, M., The pollution of <ome areas of the Adriatic with 3,4-benzopyrene, Rev Int. Oceamogr. Med., 24,
181, 1971(1shan). Poll Abser., 724TC-0118.

Grelfard, 1. and Meury, 5., Carcinogenic hydrocarbon pollution in Toulon harbor, Ceh. Ocesnogr., 19(6), 457,
196701 rench). C 4, 1968, 68, 24451 ¢c.

Brrnef(f, J. and Kunte, I., Carcinogenic substances in water and sofl. XIX. Effect of wastewater pusification on
poly cy ¢ lic, aromatic compounds, Arch Hyg Bskicriol, 151, 202, 1967 (Geiman); CA., 1968, 68, 6013g.

I'nit<kd, A, P., Rozhnova, L. G.. and Diozdava, T. V., On the content of carcinogenic hydrocarbons in suface
waters, Hyg Senit, I6(S), 316, 1971,

Suess, M. J., Laboratory cxperiments with 3.4-benzpyrene In aqueous systems and the environmentsl consequences,
Zhl Bekterivl ,Hyg. ]! Abt Orig B, 153,541, 1972,

11 netskii, A. P- snd Rnzhnova, L. G., Pollution of reservolrs by carcinogenic hydrocaibons, Vopr. Onkol, 16(7), 78,
1970(Russlan): C. 4 . 1970, 73, 1233434d. ) :

Bornefl, 1., | imination of cartinogenic polycyclic aromatic compounds during water purificstion, Gas-Wesserfach,
11742), 29. 1969(German); C A, 1969, 70, 50347).

Reichert, J., Kunte, H., BotnefT, 1., and Engethaedt, K., Carcinogenic substances occurring in water and sofl. XXVIL
urther studies on the “climination from waste of carcinogenic polycyclic aromatic hydrocarbons, Zentralbl
Baknrol [Neturwess. [, 155(1), 18, 1971(German); C A.. 1971, 18, 154806¢c.

Lawerenz, A., Detection of carcinugenic substances in water purified by two dilferent processes, Z. Gessmtee Hyg,
1¢11), 844, 1967(German); C. A, 1969, 70, 22818v.

Wnitskn. A. P_Experimental investigation of the elimination of carcinogenic hydrocssbons from water during its
clamfication and dusinfection, Gig Senfr, 34(9), 26, 1969{Russian); (Eng. teansl., Hyg. Sanit., 34, 3117, 1969).
Malaney, G. W, Lutin, P. A, Cibulks, J. 1., and Hickerson, L. HL, Resistance of carcinogenic organie compounds le
ovidatton by sctivated sludge,/ Water Pollut. Control Fed., 39(12), 2020, 1968.

Gafovich, R. D., Viochinskil, XK. K., snd Kurinnyl, L., Decolotization, deodorization snd decontamination of
drigtking water by ozonization, Gig Sanl!.. 3416). 18, 1969(Russian); (Eng. transd, Hyp. Sandt, 34, 336, 1969).

~

CRC Critical Reviews b Environmentasl Control

63,

64,

6.

Gaborich, R. D., Kurennol, 1. L., and Fedorenko, Z. P., Lffect of ozone and chlorine on 3,4 y
dkn.u(u.ﬂou of water, Gig Nosclrnny kh Mest Resp. Mezin cd Sh, 8, 88, l969|lhmun,).: Cb:ln.ul';);(;n;: “";?IIJ
Reichert, J. .K.. Carcinngens in water and wil XXIV. Removal of polyeyuhic atomatic compounds in d.nnk-l;l: wa
treatment with chiotine dioxide: idenuifivation of previvusly unknown products of the reaction of 3 d-benropyr(
snd chlotine diovide, Arch. Iyp Bokteriof, 152(3), 277, 1968 (German): C A.. 1968, 69, 89650
Reichert, ). l.., Carcinugensin water and soit XXI! Removal of polytyclic aromatic compounds in the treatment
tap water with chlorine dioaide- isolation and ideatification of products of the reaction with 3,4-benzopy ter
Arch Hyg Bakecriol, 152(3), 265, 1968(Geyman); C A., 1968, 69, 8963 1h. )
:::::::. :;"Kl:o (':;dn'?genlc‘ l;ﬂ;!lnnrel in wates and soil XXI. Quantitative results on the removal of polycye
pounds from drin wate: foxi y 7
IR Germani © 4. 1968, o8, II'::N." r by chlorine dioxide treatment, Arch Hyg Bakicriol. 152(1), 31
Reicherd, J. K., Elimination of cascinogenic aromatic polycylic compounds in drninking wate i i
consklerstion of_m.ne. Gas-Wasscrfach, 110(18), 477, l969(G¢rm:n';;C A, 1969, 1I'. l;;;.'!:f Hment with spect
Reichest, ). K., Elimination of carcinogenic aromatic polycyclic compounds in drnking watcr treatment with speci.
;;v;;::genk-hy of chlorinated 3 4-benzopyrencs, Arch. Hlyg Bakicriol, 153(1), 26, 1969(German): C A . 1969, 71

Korsolev, A. A., Ozonation ss a method for the decontamination of wat: Tat i
Sanit, 37(12), 78, 1972(Russhn); C A., 1972, 78, 88422h, * Pelhisd with heminl compouads, G

Boraeft, J., Occutrence and evaluation of earci
v "‘;. ppsrny nogens In water, Ges-NWasserfoch, 108(38), 1072, 1967(German); C

Janvasy 1974

)





